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@ Variable stator vane assembly for an axial flow compressor of a gas turbine engine. 



@ A variable angle stator vane (20) assembly for 
an axial flow gas turbine engine compressor. 
The compressor casing (23) has a bore (25) 
surrounded by a boss (24) at the position of 
each assembly. A housing having (27) a central 
bore (28) and a bushing assembly (30) is located 
in the casing bore (25) and is bolted to the boss. 
The stator vane spindle (36) extends through 
the housing bore (28) and bushing assembly 
(30). The housing (27) and bushing (30) assem- 
bly can be removed from the casing bore (25), to 
be rotated 180° or replaced, without removing 
the casing (23) from the compressor or the 
stator vane spindle (36) from the casing bore 
(25). 
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TECHNICAL FIELD 

The invention relates to a variable stator vane as- 
sembly for a gas turbine engine axial flow compres- 
sor, and more particularly to such an assembly 5 
wherein the bearing assembly for the stator vane can 
be rotated axially 180° for prolonged service life and 
can be removed and replaced from the exterior of the 
compressor casing without removal of the casing or 
the stator vane. to 

BACKGROUND OF THE INVENTION 

In the typical gas turbine engine, the axial flow 
compressor comprises a rotor surrounded by a cas- 15 
ing. The casing is generally made in two halves, re- 
movably joined together. The rotor is made up of a 
plurality of stages, each comprising a rotor disc with 
a single row of blades located on its outer rim. The sta- 
ges are joined together and to a turbine driven shaft. 20 
The casing supports a plurality of stages or annular 
rows of stator vanes. The stator vane stages are lo- 
cated between the compressor blade stages, helping 
to compress the air forced through the compressor 
and directing the air flow into the next stage of rotor 25 
blades at the proper angle to provide a smooth, even 
flow through the compressor. 

It has long been known that the use of variable 
stators to control the amount of air flowing through 
the compressor will optimize the performance of the 30 
compressor throughout the entire operating range of 
the engine. To this end, selected stator vane stages 
(generally at the forward portion of the compressor) 
are provided with variable stator vanes. In the usual 
prior art practice, at the position of each variable sta- 35 
tor vane the casing is provided with an opening or 
bore surrounded by an exterior boss. The variable 
stator vane, itself, has a base portion and/or a shaft 
portion which extends through the bore and is rotat- 
able therein. A bearing assembly is provided in asso- aq 
ciation with the bore to prevent wear of the casing and 
the stator vane. 

Through appropriate testing, a stator schedule is 
developed which optimizes performance of the com- 
pressor, while maintaining acceptable stall margins, 45 
throughout the range of operation of the engine. An 
actuation system is provided to rotate and reposition 
the stator vanes of each variable stator vane stage ac- 
cording to the stator schedule. 

In the usual practice, a circumferentially shif table so 
unison ring is provided for each variable stage and 
surrounds the casing. Each variable stator vane of 
each variable stage has a lever arm operatively con- 
nected to its respective unison ring. The unison rings 
are shifted by an appropriate drive or bell crank mech- 55 
an ism operated by an appropriate actuator, as is well 
known in the art. 

The above-mentioned bushing assemblies, de- 



signed to protect each variable stator vane and the 
adjacent portion of the casing, are, of course, subject 
to wear. This can lead to metal-to-metal contact be- 
tween a variable stator vane and the compressor cas- 
ing. Excessive metal-to-metal contact increases fric- 
tion in the variable vane system, which in turn can 
prevent or interfere with movement of the vanes 
which could result in engine stall. The bushing assem- 
bly wears as the variable stator vane is pivoted during 
engine operation. Some portions of the bushing as- 
sembly which are highly loaded tend to wear more 
than other less highly loaded portions. In prior art 
structures, unacceptable wear has been detected 
within from about 6,000 to 1 0,000 hours of engine op- 
eration. 

Maintenance to replace the bushing assembly in- 
volves removing the compressor casing and tearing 
down the variable stator vane assembly. This is ex- 
pensive, time consuming, and requires skilled work- 
ers. 

The present invention provides a bushing assem- 
bly in a metal housing. The bushing assembly is pre- 
ferably an integral, one-piece bushing, although a 
multi-piece bushing can be used, as will be described 
hereinafter. The housing/bushing assembly is bolted 
to the compressor casing, and can be removed and 
replaced without opening and removing the casing, 
and without removing the variable stator vane. As a 
result, the bushing assembly can be removed and re- 
placed less expensively, more rapidly and requires 
less skill to perform. 

Furthermore, the housing/bushing assembly can 
be axially rotated 180°. As a consequence, wear on 
the bushing assembly can be distributed around the 
circumference thereof, greatly increasing its service 
life. It is anticipated that bushing assembly life can be 
extended to about 25,000 hours. 

SUMMARY OF THE INVENTION 

The invention is set forth in claim 1. 

According to the invention there is provided a va- 
riable angle stator vane assembly for use in an axial 
flow gas turbine engine compressor having a rotor 
surrounded by a casing. The rotor provides a plurality 
of stages of rotating compressor blades and the cas- 
ing mounts a plurality of stages of stator vanes located 
between the stages of rotor blades. Selected stages 
of stator vanes are provided with variable angle stator 
vane assemblies to adjustably direct air flow to the 
adjacent compressor blade stage. At the position of 
each variable angle stator vane assembly, the com- 
pressor casing is provided with a bore surrounded on 
the exterior of the casing by an outwardly extending 
boss. A cylindrical housing is located within the cas- 
ing bore. The housing has an inner end and an outer 
end. The housing outer end is provided with a lateral 
flange overlying and bolted to the casing boss. The 
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housing has a bore coaxial with the casing bore. The 
housing bore has a first long portion extending from 
the housing inner end toward the housing outer end 
and a second shorter portion extending through said 
outer end and of larger diameter, forming a shoulder 5 
between the first and second bore portions. The 
housing supports a busing assembly having a central 
cylindrical journal bearing portion within said first 
bore portion. Said bushing assembly having a first 
thrust bearing portion overlying the inner end of said 10 
housing. Said bushing assembly having a second 
thrust bearing portion overlying the housing shoul- 
der. 

The variable stator vane has a base portion abut- 
ting the first thrust bearing portion of the bushing as- 15 
sembly. The variable stator vane has a spindle por- 
tion rotatively received and extending through the 
journal bearing portion of the bushing assembly. 

The spindle extends through a central perforation 
in a circular spacer having a diameter such that the 20 
spacer is received in the larger diameter outer portion 
of the housing bore. The spindle also passes through 
a cylindrical alignment sleeve. The outermost end of 
the shaft is threaded and the assembly is held togeth- 
er by a hex nutthreadedly engaged on the vane shaft. 25 
The hex nut abuts the alignment sleeve and causes 
the spacer to bear against the outer thrust bearing 
portion of the bushing assembly. The variable stator 
vane shaft also passes through an opening in one 
end of a lever arm which overlies the hex nut and 30 
which is held in place by an additional nut threadedly 
engaged on the shaft. Means are provided to render 
the lever arm non-rotatable with respect to the spin- 
dle. 

From the above description it will be apparent 35 
that upon removal of the second nut, the lever arm, 
the hex nut, the alignment sleeve and the spacer, the 
bearing assembly housing can be unbolted from the 
casing boss and either rotated 180° or removed and 
replaced, depending upon the condition of the bear- 40 
ing assembly. Turning or replacement of the bearing 
assembly housing can be accomplished from the ex- 
terior of the compressor casing without removal of the 
compressor casing or the variable stator vane. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims 
particularly pointing and distinctly claiming the pres- 
ent invention, it is believed the same will be better un- 50 
derstood from the following description taken in con- 
junction with the accompanying drawings in which: 
Figure 1 is a fragmentary cross-sectional eleva- 
tional view of an exemplary prior art variable sta- 
tor vane assembly; 55 
Figure 2 is a fragmentary, cross-sectional, eleva- 
tions! view of the variable stator vane assembly 
of the present invention; 



Figure 3 is a plan view of the bushing assembly 
and its housing; 

Figure 4 is a cross-sectional view taken along 
section line 4-4 of Figure 3; 
Figure 5 is a cross-sectional view, similar to Fig- 
ure 4, and illustrating an alternate form of bushing 
assembly; and 

Figure 6 is a fragmentary, cross-sectional, ex- 
ploded elevational view of the variable stator 
vane assembly of Figure 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, wherein like nu- 
merals indicate the same elements throughout the 
views. Figure 1 illustrates an exemplary prior art va- 
riable stator vane assembly. In Figure 1 the stator 
vane is indicated at 1 and is shown located between 
a pair of compressor blades 2 and 3 representing ad- 
jacent compressor stages. The compressor casing is 
illustrated at 4 and is provided with an outwardly ex- 
tending boss 5. The compressor casing is provided 
with a bore 6 having an inner portion 6a, an intermedi- 
ate portion 6b of lesser diameter, and an outer portion 
6c having a diameter greater than the portion 6b and 
slightly less than the portion 6a. An annular shoulder 
7 is formed between bore portions 6a and 6b. A sec- 
ond annular shoulder 8 is formed between bore por- 
tions 6b and 6c. 

The variable stator vane 1 has a base 9 provided 
with an annular portion 10 and a central spindle 11. 
The spindle 11 has a first portion 11a terminating in 
a second threaded portion 11b of lesser diameter. 

The base portion 9, annular portion 10 and spin- 
dle 11 extend into and through the casing bore 6. A 
composite thrust washer 12 is located between the 
base 9 and the annular shoulder 7. A composite bush- 
ing 13 is also provided. The composite bushing 13 has 
a cylindrical journal bearing portion 13a located be- 
tween the bore portion 6b and the annular portion 10 
of the variable stator blade base 9. The bushing 13 
also has an annular thrust washer portion 13b over- 
lying the shoulder 8. 

The stator vane spindle portion 11a extends 
through a perforation 14 in a spacer 15. The spacer 
15 has a circular peripheral configuration and a de- 
pending outer rim portion 1 5a which faces the portion 
13b of bushing 13. 

The portion 11a of spindle 11 also passes 
through a perforation 16 through one end of a lever 
arm 1 7. Spindle portion 1 1 a has a flat formed thereon 
(not shown) and the perforation 16 is correspondingly 
configured, so that the lever arm 17 is non-rotatable 
with respect to the spindle portion 11a. The lever arm 
17 is operatively connected to the variable stator 
vane actuation system (not shown) described hereto- 
fore. The spindle 11 passes through an alignment 
sleeve 18 and the assembly thus far described is held 
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together by a nut 19 threadediy engaged on the spin- 
dle portion 11b. When nut 19 is tightened, the outer 
end of annular portion 10 abuts spacer 15 assuring a 
running clearance between the base 9 and the thrust 
washer 12 as well as between the depending outer 
rim portion 15a of the spacer 15 and the portion 13b 
of bushing 13. 

From the above description, it will be apparent 
that in order to replace the thrust washer 12 and 
bushing 13, it is necessary to remove the casing 4 
from the compressor section of the engine and to re- 
move the variable stator vane base elements 9, 10 
and 11 from the casing bore 6. 

Reference is now made to Figure 2 wherein the 
variable stator vane assembly of the present inven- 
tion is illustrated. The variable stator vane is indicated 
at 20 and is located between a pair of compressor 
blades 21 and 22, representing adjacent compressor 
stages. 

The compressor casing is illustrated at 23 and is 
provided with a high, upstanding boss 24. The boss 

24 has a rectangular peripheral configuration. A bore 

25 is located centrally of the boss. The bore 25 has a 
first portion 25a and a second portion 25b of lesser 
diameter, forming a shoulder 26 therebetween.. 

The embodiment of Figure 2 also includes a hous- 
ing 27. The housing 27 is also shown in Figures 3 and 
4. The housing 27 is a metal member having a cylin- 
drical body 27a. At its inner end, the body 27a termin- 
ates in a planar, annular bottom surface 27b. At its 
outer end, the body 27a is provided with a lateral 
flange 27c having a rectangular peripheral configur- 
ation. 

The housing 27 has a central bore 28. The bore 
28 has a first portion 28a and a second portion 28b 
of greater diameter. An annular shoulder 29 is formed 
between the two bore portions. 

The housing 27 supports a bushing assembly 30. 
The bushing assembly 30 preferably constitutes an 
integral, one-piece structure and is made of any ma- 
terial appropriate for this use. Excellent results have 
been obtained using a woven fabric impregnated with 
resin and formed directly within the housing 27. Un- 
der these circumstances, the resin bonds the bushing 
assembly 30 to the housing 27. The bushing assem- 
bly has a journal bearing cylindrical portion 30a. The 
bushing assembly portion 30a terminates at its inner 
end in an annular thrust bearing portion 30b overly- 
ing the inner end 27b of housing 27. The bushing as- 
sembly portion 30a terminates at its outer end in an 
annular thrust bearing portion 30c which overlies the 
housing shoulder 29. 

The housing body 27a has an external diameter 
equivalent to the internal diameter of the casing bore 
portion 25b and is receivable therein, as is shown in 
Figure 2. The flange 27c of housing 27 is adapted to 
overlie the high boss 24 of the compressor casing 23. 
The housing flange 27c has a pair of perforations 31 



and 32 located in opposite corners thereof. The com- 
pressor casing boss 24 is provided with a pair of 
threaded bores (not shown) coaxial with the flange 
perforations 31 and 32, respectively. A pair of bolts 33 
5. and 34 extend through the perforations 31 and 32 
and threadediy engage in the threaded boss bores 
(not shown) to secure the housing 27 in its mounted 
position as shown in Figure 2. The bolt 34 is shown 
in phantom lines in Figure 2 since it would not normal- 
10 ly be visible in this figure. 

The adjustable stator vane 20 is provided with a 
base 35 and an upstanding spindle 36. The spindle 36 
has a first portion 36a, a second portion 36b of lesser 
diameter, and a third portion 36c of yet lesser diam- 
15 eter. The third portion 36c is externally threaded, as 
shown in Figure 2. A shoulder 36d is formed between 
spindle portions 36a and 36b. The base 35 of the va- 
riable stator vane 20 is receivable with clearance in 
the bore portion 25a of the casing bore 25. It will be 
20 noted that the thrust bearing portion 30b of bushing 
assembly 30 is located between the variable stator 
vane base 35 and the inner annular end surface 27b 
of housing 27. The first spindle portion 36a is of a di- 
ameter approximating the internal diameter of the 
25 journal bearing portion 30a of bushing assembly 30 
and is rotatively received therein. 

A disc-like spacer 37 has a peripheral diameter 
slightly less than the diameter of housing bore por- 
tion 28b and is receivable therein, overlying the 
30 thrust bearing portion 30c of bearing assembly 30. It 
will be noted that the periphery of spacer 37 is re- 
lieved as at 37a to provide clearance for the heads of 
bolts 33 and 34. The spacer 37 has a central perfor- 
ation 38 through which the spindle portion 36b ex- 
35 tends with clearance. The spacer 37 is surmounted 
by an alignment sleeve 39 having a central bore 40, 
coaxial with the spacer perforation 38. The variable 
stator vane spindle portion 36b extends into the bore 
40 of alignment sleeve 39. Spindle portion 36b has a 
40 number of flats (not shown) formed thereon and the 
alignment sleeve bore 40 is correspondingly config- 
ured to render the alignment sleeve non-rotatable 
with respect to the spindle 36. 

The elements thus far described are held in place 
45 by a hex nut 41 , threadediy engaged on the threaded 
shaft portion 36c and abutting the alignment sleeve 
39. When the hex nut 41 is tightened, the spacer 37 
abuts the spindle shoulder 36d assuring a running 
clearance between the base 35 and bushing portion 
50 30b as well as between the spacer 37 and bearing 
portion 30c. 

The threaded portion 36c of shaft 36 extends 
through a perforation 42 in a lever arm 43. The align- 
ment sleeve 39 is provided with three peripheral flats, 
55 one of which is shown at 39a in Figure 2. Each of the 
alignment sleeve flats is engaged by a depending tab 
on the lever arm 43. One such tab is shown at 43a in 
Figures 2 and 6. A second one of the tabs is shown 
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at 43b in Figure 6. This arrangement assures that the 
lever arm 43 is non-rotatable with respect to the align- 
ment sleeve 39. Since the alignment sleeve 39 is non- 
rotatable with respect to spindle 36, the lever arm 43 
is also non-rotatable with respect thereto. The other 
end of lever arm 43 (not shown) is operatively attach- 
ed to the variable stator vane actuation system, de- 
scribed above. The lever arm 43 is held in place by a 
nut 44 threadedly engaged on shaft portion 36c. 

It would be within the scope of the present inven- 
tion to provide a multi-piece bearing assembly of any 
appropriate bearing material such as a carbon com- 
posite material, ratherthan the one-piece bearing as- 
sembly 30. This is illustrated in Figure 5. The housing 
of Figure 5 is designated by index numeral 45 and is 
essentially identical to the housing 27 of Figure 4. To 
this end, the housing 45 is a metallic member having 
a cylindrical body 45a, terminating at its inner end in 
a planar, annular bottom surface 45b. At its outer end, 
the body 45a is provided with a lateral flange 45c 
identical to the flange 27c of Figure 4. As in the case 
of the housing 27 of Figure 4, the housing 45 of Figure 
5 has a central bore 46 having a first portion 46a and 
a second portion 46b of greater diameter, an annular 
shoulder 47 being formed therebetween. 

In this instance, the bushing assembly comprises 
a cylindrical journal bearing 48, an inner thrust wash- 
er 49 and an outer thrust washer 50. The cylindrical 
journal bearing 48 and the outer thrust washer 50 are 
held in place by an interference fit The inner thrust 
washer 49 is maintained in place by an annular 
swaged area 51 about the inner surface 45b of hous- 
ing 45. Alternatively, the annular swaged area 51 
could be replaced by an annular bead of solder or the 
like. It will be understood by one skilled in the art that 
the housing 45 and its bushing elements 48, 49 and 
50 could be readily substituted in the assembly of Fig- 
ure 2 for the housing 27 and the bearing assembly 30. 

The invention having been described in detail, 
the manner in which the housing 27 and its bearing 
assembly 30 can be rotated 180° or replaced, can 
now be set forth. Reference is made to Figure 6 which 
is an exploded view of the structure of Figure 2 and 
wherein like parts have been given like index numer- 
als. 

To rotate or remove and replace the housing 27 
and bearing assembly 30, the nut 44 is first removed, 
enabling disengagement of the lever arm 43 from 
spindle 36 and alignment sleeve 39. Hex nut 41 is 
thereafter removed from the threaded portion 36c of 
spindle 36, permitting removal of alignment sleeve 
39. At this point, the bolts 33 and 34, affixing housing 
27 to boss 24, are removed. The spacer 37 can now 
be removed, or can simply be removed with the hous- 
ing 27. 

To assist in removal of the housing 27 from the 
boss bore 25, it is within the scope of the invention 
to provide the housing flange 27c with a pair of 



threaded bores 52 and 53 (see Figure 3). The thread- 
ed bores 52 and 53 enable the use of jack screws (not 
shown) to assist in lifting the housing 27 from the 
bushing bore 25. 

5 Once the housing 27 has been removed, it can be 

rotated 180° and repositioned in the boss bore 25, or 
it and its bushing assembly 30 can be replaced, de- 
pending upon the condition of the bushing assembly. 
Thereafter, the spacer 37 is reinstated and the hous- 

10 ing 27 is affixed to the boss 24 by the bolts 33 and 
34. The alignment spacer 39 is mounted on spindle 
30, followed by hex nut 41 . The lever arm 43 is mount- 
ed on spindle 36 with its tangs engaged on the flats 
of alignment sleeve 39 and the nut 44 is again thread- 

15 edly engaged on the portion 36c of spindle 36. 

From the above, it will be apparent that rotation 
or replacement of the housing 27 and its bushing as- 
sembly 30 can be accomplished quickly and easily. 
Furthermore, rotation or replacement of the housing 

20 27 and bushing assembly 30 can be accomplished 
from the exterior of the compressor casing 23, with- 
out the necessity of removing the compressor casing 
23 from the compressor and removing the variable 
stator vane spindle 36 from the bushing bore 25. 

25 Modifications may be made in the invention with- 

out departing from the scope of the invention 
claimed. 



30 Claims 

1. A variable angle stator vane assembly for use in 
an axial flow compressor of a gas turbine engine 
having a compressor casing (23) with a bore (25) 

35 formed therein at the position of said variable an- 

gle stator vane assembly, an external boss (24) 
surrounding said casing bore (25), said variable 
angle stator vane assembly comprising a housing 
(27, 45) having a central bore (28, 46), a bushing 

40 assembly (30) in said housing, said housing hav- 

ing a body (27a, 45a) mounted in said casing bore 
and a flange (27c, 45c) overlying and removably 
affixed to said external casing boss, said variable 
angle stator vane (20) having a base (35) termin- 

45 ating in a spindle (36) rotatively mounted in said 

bushing assembly (30), said housing (27, 45) and 
bushing assembly (30) thereof being removable 
and replaceable from the exterior of said casing 
(23) without removing said casing (23) from said 

so compressor or said stator vane spindle (36) from 

said casing bore (25). 

2. The variable angle stator vane assembly claimed 
in claim 1 , wherein said housing (27, 45) is so 

55 configured that said housing and said bushing 

assembly (30) thereof can be removed from said 
casing bore (25), rotated axiaily 180°, and rein- 
stalled in said casing bore from the exterior of 
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said casing (23) without removing said casing 
from said compressor or said stator vane spindle 
(36) from said casing bore (25). 

3. The variable angle stator vane assembly claimed 
in claim 1, wherein said housing body (27a, 45a) 
is cylindrical, terminating in an inner, planar, an- 
nular end (45b) and an outer end surrounded by 
said housing flange (27c, 45c), said housing bore 
(46) having a first portion (46a) extending from 
said inner end (45b) and a second portion (46b) 
leading to said outer end, said second bore por- 
tion (46b) being of greater diameter than said first 
bore portion (46a) with an annular shoulder (47) 
formed therebetween, said annular shoulder fac- 
ing said outer end, said bushing assembly com- 
prising a cylindrical journal bearing portion (48) 
located in said first bore portion, an inner thrust 
bearing portion (49) overlying said inner end, and 
an outer thrust bearing portion (50) overlying 
said housing shoulder. 

4. The variable angle stator vane assembly claimed 
in claim 3, wherein said bushing assembly (30) 
comprises an integral, one-piece structure 
formed within and adhered to said housing. 

5. The variable angle stator vane assembly claimed 
in claim 3, wherein said bushing assembly journal 
bearing portion (48) and inner and outer thrust 
bearing portions (49, 50) comprise separate com- 
ponents. 



lever arm (43) having a perforation (42) formed 
therein and being mounted on said spindle third 
portion abutting said first nut, means (43a) ren- 
dering said lever arm non-rotatable with respect 

5 to said spindle, a second nut (44) threadediy en- 

gaged on said spindle third portion and abutting 
said lever arm, said spindle first portion being of 
such length as to assure running clearance be- 
tween said spindle base and said bushing assem- 

w bly inner thrust bearing portion and between said 

spacer and said bushing assembly outer thrust 
bearing portion. 

7. The variable angle stator vane assembly claimed 
15 in claim 6, wherein said housing (27, 45) is so 

configured that said housing and said bushing 
assembly thereof can be removed from said cas- 
ing bore, rotated axially 180°, and reinstalled in 
said casing bore (25) from the exterior of said 
20 casing without removing said casing from said 

compressor or said stator vane spindle (36) from 
said casing bore (25). 

8. The variable angle stator vane assembly claimed 
25 in claim 7, wherein said bushing assembly com- 
prises an integral, one-piece structure formed 
within and adhered to said housing. 

9. The variable angle stator vane assembly claimed 
30 in claim 7, wherein said bushing assembly journal 

bearing portion and inner and outer thrust bear- 
ing portions comprise separate components. 



6. The variable a ngle stator vane assembly cla imed 

in claim 3, wherein said stator vane base (35) 35 
faces said bushing assembly inner thrust bearing 
portion (49) overlying said housing inner end 
(45b), said stator vane spindle (36) having a first 
portion (36a) extending through said housing 
bore first portion (46a) and said bushing assem- 40 
bly journal bearing portion (48) therein, said spin- 
dle first portion terminating in a second portion 
(36b) of lesser diameter than said first portion 
forming an annular shoulder (36d) therebetween, 
said spindle second portion (36b) terminating in 45 
a third portion (36c) of lesser diameter than said 
second portion, said third portion being external- 
ly threaded, a spacer (37) having a central per- 
foration, said spindle second portion extending 
through said spacer perforation, said spacer so 
overlying said bushing assembly outer thrust 
bearing portion (50) and abutting said spindle an- 
nular shoulder, an alignment sleeve (39) having a 
central perforation (40), said alignment sleeve 
surrounding said spindle second portion and 55 
abutting said spacer, a nut (41) threadediy en- 
gaged on said spindle third portion and abutting 
said alignment sleeve, a stator vane actuating 



10. The variable angle stator vane assembly claimed 
in claim 6, wherein said bushing assembly com- 
prises a composite carbon or a woven fabric im- 
pregnated with resin. 
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